555th MEETING, ABERYSTWYTH w vity than did the hepatocytes. These findings would appear to generally negate the hypothesis that cellular integrity is necessary for optimum metabolism rates. However, a number of other factors must be taken into consideration. First, the results obtained are consistent with the possibility that the non-parenchymal cells (Kupffer cells) of the liver are major contributors to the metabolism of thiabendazol, ethylmorphine and benzo[a]-pyrene. Hupka & Karlar (1973) have shown that the Kupffer cells contribute to the dealkylation of ethylmorphine, but they do so only in a minor way, contributing only about 17% of the total enzyme activity, However, the same workers also noted a leakage of glucose 6-phosphate dehydrogenase from the isolated cells into the incubation medium, and observed that maximal mixed-function oxidase activity was not obtained until the medium was saturated with the dehydrogenase. Moldeus er al. (1974), studying the metabolism of alprenolol in isolated hepatocytes, similarly found a requirement for NADPH.
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Unlike the enzymes of the microsomal preparation, those in the slices normally showed maximum activity at times later than 5min, ethylmorphine N-demethylase being the only exception. This is almost certainly due to the time-lag required for the substrate to penetrate the slices and for the product to appear in the incubation medium. As with the hepatocytes, it has been reported that with liver slices cofactors are required for optimum enzyme activities, and Bickel & Gigon (1971) reported that in the absence of an NADPHregenerating system imipramine N-demethylase activity of rat liver slices is only 50% of maximum.
The most interesting aspect of the present work, however, may be the high rates of biphenyl hydroxylation observed in hepatocytes, these being even greater than those observed with microsomal preparations. Biphenyl hydroxylase has the same requirement for NADPH as the other enzymes studied, but may be able also to utilize NADH more readily than can the other enzyme activities. The very rapid loss of biphenyl 4-hydroxylase activity exhibited by the hepatocytes, which is even greater than that shown by the microsomal preparations ( Fig. l) , may be due to loss of cofactors into the incubation media, in addition to enzyme degradation.
Fig. 1. Probable structure of the matrix used for the affinity chromatography of arylsulpharases
The p-aminobenzamidoethyl derivative of Sepharose-QB, formed by the method of Cuatrecasas (1970), was coupled with 2-nitroquinol sulphate after diazotization.
report its use and the application of this technique to the study of arylsulphatases from other sources.
A substrate analogue, potassium 4-hydroxy-2-nitrophenyl sulphate (2-nitroquinol sulphate), was chosen as the affinity ligand because of its negligible hydrolysis by arylsulphatase B. It was prepared from 3-nitrophenol by the persulphate oxidation method of Smith (1951). For the modification of Sepharose 4B (Pharmacia Ltd., U.K.) the method of Cuatrecasas (1970) was followed. The p-aminobenzamidoethyl derivative formed was diazotized and treated with a known amount of 2-nitroquinol sulphate at pH 10.0: The reaction mixture was left at 4°C for 18h, when the deep-red azo dye was filtered off and washed free of unbound ligand with ice-cold water. Fig. 1 shows the probable structure of the derivative of Sepharose 4B. Determination of unbound 2-nitroquinol sulphate by spectrophotometry in 0.1 M-NaOH at 540nm showed that the amount of ligand bound was 6pmoI/cm3 of packed Sepharose 4B, which represents a high binding capacity. Similar methods were employed to prepare affinity matrices with potassium 4-hydroxy-3-nitrophenyl sulphate (3-nitroquinol sulphate), potassium 2-hydroxy-5-nitrophenyl sulphate (nitrocatechol sulphate) and 4nitrophenyl sulphate as ligands. The efficiency of these materials for the selective adsorption of arylsulphatases was tested by using arylsulphatases A and B of human liver, partially purified and separated from each other by ion-exchange chromatography. In addition, the ability of the affinity adsorbents to bind the arylsulphatases of Aspergillus oryzae, Alcaligenes metalcaligenes, Patella oulgata, Helixpomatia and chicken liver was examined. In these latter cases crude homogenates of acetone-dried powders were used as the source material.
A typical experiment was as follows. After exhaustive dialysis against 0.1 M-sodium acetateacetic acid buffer, pH6.1, 30cm3 of solution containing 2.5mg of proteinlcm' (10mg/cm3 for crude homogenates) were applied to a short column (8cm high x 1 cm diam.) of 2-nitroquinol-Sepharose matrix, previously equilibrated in the same buffer. The flow rate was adjusted to 20cm3/h and4cm3 fractions were collected. After a washing of the column with 80cm3 of the starting buffer, the ionic strength of the eluent was increased by addition of NaCl to 0 . 5~ and elution continued for a further 60cm3. Arylsulphatase activity was assayed with nitrocatechol sulphate as substrate (Dodgson et al., 1956 ) and protein was determined by the method of Lowry et al. (1951) . All of the arylsulphatase B was bound initially to the column whereas 85 % of the protein passed through unretarded. This arylsulphatase B was eluted at higher ionic strength with a 95% recovery. Under these conditions arylsulphatase A was not adsorbed on the column. Fig. 2 shows the typical pattern observed for a mixture of arylsulphatases A and B in a partially purified human liver homogenate. Fraction no.
Fig. 2. Separation of arylsulphatases A andB of a p a r t i a l~p u r~e d liner extract by affinity chromatography
Chromatography was performed on the affinity material shown in Fig. 1 in 0 .1 M-sodium acetateacetic acid buffer, pH6.1, at a flow rate of 20cm3/h, 4cm3 fractions being collected. At fraction 20 (80cm3) the ionic strength was increased by addition of NaCl to 0 . 5~. The assay of arylsulphatase activity and protein are as described in the text. ., Protein; 0 , arylsulphatase activity. the arylsulphatase A and B activities were still separated but the purification of arylsulphatase B from other proteins was somewhat diminished. In all of the other arylsulphatase sources examined except the limpet there was no binding of arylsulphatase activity to the affinity column. In the case of the limpet, just over 50% of the arylsulphatase activity was unaffected while 48 % was bound and eluted at higher ionic strength.
Similar results were obtained when the other sulphate esters were used as ligands.
In some of these cases only one arylsulphatase has been demonstrated, and our findings tend to confirm this and suggest that the specificity of these arylsulphatases is rather different to that of arylsulphatase B. Multiple arylsulphatases have been shown in Aspergillus oryzue (E. R. J. Burns & C. H. Wynn, personal communication), but none is similar to arylsulphatase B in its specificity. Two arylsulphatases have previously been demonstrated in the limpet (Wortman & Schneider, 1960) .
This rapid and simple affinity-chromatographic method may prove useful in the separate determination of arylsulphatases in body fluids and biopsy tissue. At the present time either total soluble arylsulphatases are determined or a method such as that of Baum et al. (1959) , where activities are measured at a variety of pH values, substrate and inhibitor concentrations, is used. Such methods have been criticized by Worwood t t al. (1973) and are at best semi-quantitative. Such separate determination may become even more important as the nature of the natural substrates for these enzymes is completely clarified. 
